Infertility is a global public health issue that affects more 186 million people worldwide and remains a woman's social burden, although male infertility contributes to more than half of all causes of global childlessness. Factors as the age, obesity, weight, insulin resistance, psychological stress, toxins, infections, environmental and occupational exposures, electromagnetic pollution and nutritional deficiency can have effects on fertility. Nutrients that are crucial in successful fecundity include: iodine, selenium, omega 3 fatty acids and magnesium. Unfortunately, the importance of these supplements in fertility are not known or forgotten by most doctors, principally fertility specialists. Thus, this mini-review's objective is to elucidate the efficacious role provide by iodine, selenium, omega 3 fatty acids and magnesium in fecundity.
Introduction
Barrenness, not producing or incapable of producing offspring when desired after twelve months, is a global public health issue affecting more than 186 million people worldwide. Not producing offspring remains a woman's social burden; although, male infertility contributes to more than half of all causes of global infertility. It is estimated that 8 to 12% of reproductiveage couples worldwide are affected by fecundity problems and in some areas reaching 30% [1] . In Brazil, the infertility rate affects 20% of couples and fecundity has been decreasing every year. Brazilian fertility rate is now 1.76 newborns per couple [2] . Factors that can affect fecundity include: age, obesity, weight, insulin resistance, psychological stress, toxins, infections, environmental and occupational exposures, electromagnetic pollution and nutritional deficiency [3, 4] .
Underpinning most disease, usually, exists contributing nutritional deficiencies. Disease does not thrive in a heathy body.
Pathology in most sick patients presents concurrently with a constellation of metabolic deficiencies. Nutrients that are crucial in successful fecundity include: iodine, selenium, omega 3 fatty acids and magnesium. Unfortunately, the importance of these supplements in fertility are not known or forgotten by most doctors, principally fertility specialists. Additionally, in Brazil and other countries the focus of fertility focuses on women, while men's health status is overlooked.
Our hypothesis is that specific dietary supplements can improve fertility. Specifically, we hypostasize, in women, dietary iodine can ameliorate Poly-Cystic Ovarian Syndrome (PCOS) while regulating thyroid function and magnesium supplementation can reduce resistance insulin. In men, selenium and omega 3 fatty acids can improve sperm mobility, increasing fertilization chances. Thus, this mini-review's objective is to elucidate the efficacious role provide by iodine, selenium, omega 3 fatty acids and magnesium in fecundity. Further, this paper's aim is to provide relevant information to support a positive decision for doctors and health professionals to co-prescribe these supplements to treat fecundity problems.
Method
In this review, we focused in systematic review, randomized clinical trial and observational studies published in the last seven years. Thus, these studies are essentials for advancing our knowledge about role of dietary supplementary use in the prevention and fight against the diseases, mainly infertility. Our aim is to address the paucity in medical literature on the positive fertility effects provided through dietary supplementation.
Iodine
Regrettably, iodine is an essential nutrient barely understood by the current model medical; due to lack of knowledge, and prescription fear. Recently, our research group published a review to clarify some doubts and encourage doctors and health professionals to prescribe iodine for prevention and treatment of various medical conditions. The halogens are a group of five chemically related elements: fluorine (F), chlorine (Cl), bromine (Br), iodine (I), and astatine (At). The halogens fluoride, chloride and bromine displace iodine in its receptors .
Today, worldwide, various pharmaceuticals containing bromides, fluorine and/or chlorine and ingested bromide from grain products breads, inhibit iodine docking in its receptor. Thus, displacing bromides reduce in availability of iodine in the organs that that actively concentrate iodine including the thyroid, stomach mucosa, mammary glands, salivary glands, thymus, choroid plexus, kidney, joints, arteries, and bones.
A purple-black metallic solid in standard condition, iodine is the heaviest and most stable of the halogens. The human body stores around 1,500 mg iodine. A crucial micronutrient and a component of the thyroid hormones, the thyroid stores only 50 mg iodine to convert into thyroxine (T4) and triiodothyronine (T3). Additionally, iodine plays a crucial role in the development of various organs [6] [7] . Almost all cells in the human body use iodine that is adsorbed in glandular tissues such as: the salivary glands, breasts, parotids, pancreas, prostate, lachrymal glands and gastric mucosa. In the immunological system, the white blood cells need of iodine to fight against infectious agents.
Worldwide, iodine deficiency affects approximately 95% of the population. An ongoing public health problem, in Brazil, as well as many other countries, exists an iodine deficient population. The National Health and Nutrition Examination Survey (NHANES) disclosed that in the last 30 years, there is a 50%decreased in the iodine ingestion [49] . Iodine consumption levels are higher in The People's Republic of China and Japan through the consumption of seaweed. Compared with women worldwide Chinese and Japanese women have lower rates of perinatal mortality; attributed to iodine levels in consumed seaweed [50] [51] . A systematic review completed in Brazil showed that only a few studies have been undertaken to establish Iodine Deficiency Disorder (IDD). Prevalence of IDD has only been established in the Southeastern to South Brazilian regions. However, reliability of these studies is being questioned because of the complexity due to individual study bias and the very high heterogeneity [52] . Iodine deficiency results in endemic goiter, endemic mental retardation, increased prenatal death and infant mortality, and decreased fertility [8, 9] . In this baseline, we present the medical iodophobia regarding iodine supplementation, iodine deficiency and a need to change medical standards and procedures regarding iodine are public health system challenges.
Hypothyroidism is a disease common sometimes undiagnosed in many women whose etiology, among others, is caused by iodine deficiency. Hypothyroid has a major impact on fertility and increases miscarriage risk. Iodine deficiency negatively effects folliculogenesis in the maturation of the ovarian follicle leading to Polycystic Ovary Syndrome (PCOS). When ovarian follicles do not mature, the ovaries cannot release eggs; and concomitant with the hyperproduction of male hormone, testosterone [10] . Although the exact cause of PCOS is yet unidentified some factors are recognized: insulin resistance, obesity, heredity, iodine deficiency, low-grade inflammation and anything that disrupts hormone disruption can influence the onset of PCOS [3, [5] [6] [7] [8] [9] [10] [11] . When the iodine levels are deficient in the thyroid, certainly there must be a deficiency in the ovaries. Thus, sustaining sufficient iodine levels promotes ovarian health through successful folliculogenesis.
Glucose adsorbs into cells by insulin successful docking in its receptor, releasing Glucose Transporter Type 4 (GLUT-4) that pulls glucose into the cell. Once inside the cell, glucose is processed through the Krebs cycle, in the mitochondria to produce adenine triphosphate (ATP), processing energy. Many exogenous factors prevent insulin from docking in its receptors, called insulin resistance. The beta cells in the islets of Langerhans in the pancreas continue making insulin, but the insulin does not dock. Serum glucose rises and the pancreas increases insulin production is not available to the cells to convert glucose to ATP. Insulin resistance is the preclinical stage of type II diabetes. An exogenous factor in insulin resistance is iodine deficiency. Jorge Flechas, MD, MPH, showed iodine attaches to insulin receptors, increasing insulin sensitivity. Additionally, since iodine is a cofactor at the cellular receptor for all hormones in the human body, including insulin and glucagon, iodine deficiency produces systemic pathology. Deficiency of both hormones through iodine deficiency presents with hyperglycemia or hypoglycemia. A diet high in carbohydrates (white sugar, white flour, and simple carbohydrates) combined with iodine deficiency exacerbates symptoms because of widely fluctuating blood sugar levels. This iodine deficiency pathology, unfortunately, it is not widely known by gynecologists and health professionals.
Our aim is to rectify the medical iodophobia beginning in 1948 when Wolff and Ckaikoff reported that after a certain iodine supplemented, rat thyroids do not adsorb most iodine and extrapolated their findings to humans. They construed iodine destroys the thyroid. However, the researchers neither failed to measure associated thyroid hormones nor realizing the iodine saturation phenomenon. Later, Wolff seated as the director of the National Institute of Health (NIH) he used his influence with medical schools to teach not to prescribe iodine. Wolff's iodophobia was adopted in all nutrition and medicine textbooks including endocrinology. What destroys the thyroid causing hypothyroidism is organic iodine compound used as an X-ray contrast medium used to enhance the visibility of internal structures in X-ray-based imaging techniques such as Computed Tomography (CT), radiography, and fluoroscopy. Dietary supplement, inorganic iodine, is not toxic to the thyroid, is utilized by human tissue and can be used efficaciously to treat and prevent various diseases [5, 12] .
Iodine deficiency is linked to ovarian cysts that hinder fertility and increase the risk of ovarian cancer. Iodine deficiency further can develop nodules and form fibrosis that can progress to cancer of thyroid, uterus, and breasts. According with National Health and Nutrition Examination Survey (NHANES), in the last 30 years the iodine intake has decreased 50% [13] . The People's Republic of China and Japan has the lowest perinatal mortality rates because women ingest a copious amount of iodine rich seaweed [14, 15] . Currently, there are various systematic reviews encouraging the safe use iodine in the dosages of 250µg/ day by lactating women and 200µg/day during pregnancy; unfortunately, only a scarce number of doctors co-prescribe iodine [5] . Infertility treated with iodine supplementation should include selenium supplementation, dosed at 200-400µg/ day to avoiding hydrogen peroxide formation by tyrosine oxidase. Selenium supplementation stimulates the formation of glutathione peroxidase that neutralizes hydrogen peroxide. Additionally, supplementation with vitamin C dosed 2,000-5,000mg/day and Himalayan salt (one spoonful diluted in oneliter water/day) provide antioxidant support. These additional supplements also stimulate the integral membrane protein, symporter that is involved in the transport of many differing types of molecules across the cell membrane, specially the NIS (Sodium/Iodine Symporter) that stimulates TSH to better uptake iodine and sodium.
Selenium
Selenium (Se) is a crucial trace element for more than two dozen protein that includes a selenocysteine (Sec, U, Se-Cys) amino acid residue, selenoproteins that play an essential role in reproduction, egg production, DNA synthesis, and thyroid hormone metabolism. Selenoproteins prevent free radicals cellular damage and also helps support the immune system. Se also protects against miscarriage and birth defects and currently, Se supplementation is recommended as public health policy in areas where soils are deficient in selenium [16] . Problems with iodine and selenium deficiencies affect almost half the world population, especially, due to low concentration of soil micronutrients, or not possessing the optimal available soil pH within this 6.5 to 7.5 pH, where nutrients are optimally available to plants [17] . In Brazil as in other countries, to date, current population data of Selenium ingestion is still scarce; however, it has been verified that various Brazilians agricultural products have low Selenium levels [18] [19] [20] .
Some studies address the relationship between selenium consumption and fertility because of its significant role in the functioning of the natural reproductive system [20, 21] . Reduction of fertility rates in women has been linked to deficient selenium body saturation; yet, selenium's role in this process remains unknown. One proposition is that selenium may neutralize, eliminate and prevent the synthesis of Reactive Oxygen Species (ROS) functioning as a co-factor of antioxidative enzymes [22, 23] . Increase in ROS concentrations negatively affects immature ova, oocytes in the first meiotic divisions, but selenium inhibits the ROS negative effects [24, 25] . Low selenium concentration has been observed in follicular fluid in women with unexplained infertility when compared to women infertility due to other factors. Authors of these studies suggest that activity of glutathione peroxidade (GPx) in the follicular microenvironment may play an essential role in the fertilization and gametogenesis [26] . Selenium deficiencies may lead to miscarriages, damaging the nervous and immune system of fetuses and produce gestational complications. Additionally, low concentration of selenium in blood serum has been associated with newborn low birth weight [20] .
Sperm counts among men have more than halved during the last 40 years, and the latest findings reveal that the concentration of male sperm ejaculate in western countries has continued to fall an average of 1.4% a year, leading to an overall drop of just over 52%. Low sperm counts might also be an indicator of nutritional deficiency, body weight, lack of physical activity and smoking [31] . Selenium deficiency also produces infertility in men reducing the quality of semen and low sperm motility. Antioxidant therapy provided by selenium, glutathione, vitamins C and E, zinc, folic acid, N-acetylcysteine and Coenzyme-Q10 may reduce oxidative stress induced sperm damage increasing live birth rates [27] [28] [29] . Some clinical trials encourage using selenium combined with other antioxidants to treat male infertility. One systematic review by the Cochrane group reported that antioxidant may provide benefit for reduced fertility with prolonged time of unwanted non-conception, sub fertile women [21, 30] . However, even with the literature being prodigious in demonstrating the benefits of selenium in the treatment of infertile couples, unfortunately, only a few doctors in the Brazil and elsewhere co-prescribe this nutrient.
Omega 3
Some omega-3 (n-3) and omega-6 (n-6) fatty acids neither be synthesized by animals nor humans and need to be consumed. Accordingly, linolenic acid (C18:3 n-3) and linoleic acid (C18:2 n-6) are critical in numerous somatic processes, including: general growth, development of the brain, eyes and reproductive system. Mammalian spermatozoa have a high proportion of Polyunsaturated Fatty Acids (PUFA), especially palmitic acid (C16:0) and docosahexanoic acid (DHA, C22:6n-3) both, besides possessing wide-range of health benefits, play a pivotal role in fertilization. However, overconsumption of soybean oil, linoleic acid (omega-6), has been linked with decreased eicosapentaenoic acid tissue concentration (EPA; also, icosapentaenoic acid, an omega-3 fatty acid) and docosahexaenoic acid (DHA) in the United States during the 20th century and may explain the decrease in male fertility as a pivotal health problem worldwide [34] . Consequently, the increased intake of omega-6 fatty acid and the decrease of omega-3 fatty acid contribute to a large increase in the majority of developed countries in the unhealthy omega-6/ omega-3 ratio of 20:1. Additionally, corporate agribusiness and modern agriculture practices produces a Western diet containing low levels of omega-3 and high levels of omega-6. This nutritional shift is linked to a significant increase in the prevalence of weight gain and obesity factors that contribute to infertility [53] .
Currently, medical concerns exist because low DHA levels in human spermatozoa may be linked infertility. Exacerbating the problem, elevated Tran's fatty or saturated fat concentration decrease DHA in spermatozoa [32, 33] . Clinical trial using omega-3 supplementation in men with deficient sperm is limited. Healthy human sperm anatomy, the tail and head have higher DHA levels and the sperm head contains more DHA. It has been shown supplementation with omega-3 for more than four weeks improves the sperm analysis results. Differences in dose-dependent results and time-dependent values may explain failure experienced in various experiments. Ingested dietary plant omega-3 sources, such as walnuts that contain antioxidants (75 g per day for 12 weeks) improve sperm vitality, morphology and motility [35] . Both omega-3 and omega-6 fatty acids have been shown to improve low sperm concentration in oligospermic men, significantly reduces ROS and increase acrosome reaction potential, allowing sperm to penetrate the zona pellucida and fuse with the oocyte membrane [36] . Fish oil supplementation with EPA and DHA (1.84 g per day for 32 weeks) in men with low sperm count, poor sperm mobility, and abnormal sperm shape, oligoasthenoteratozoospermia showed improved sperm concentration and total sperm count [37] . Additionally, both EPA and DHA provide an essential role in various enzymes such as Superoxide Dismutase (SOD) that protects the spermatozoa against peroxidative damage. Undeniably, antioxidant activity of semen is improved with omega-3 as reported and some mechanisms about the effect of EPA and DHA on spermatogenesis were presented, although the mechanisms are not clearly known.
Painful periods, or menstrual cramps, dysmenorrhea is common in infertile women due to disbalance between antiinflammatory, vasodilating, eicosanoids derived from omega-3 fatty acids and proinflammatory, vasoconstrictor eicosanoids derived from omega-6 fatty acids. Dysmenorrhea symptoms can be ameliorated when supplementation of omega-3 fatty acids increases. Omega-3 fatty acids can increase the ratio of thromboxane to prostacyclin helping pregnancy by increasing uterine blood flow [38] . Recently, data of a review reinforce that low intake Trans fatty acid and higher intake of long-chain omega-3 fatty acids may be beneficial for female fertility [57] .
Magnesium
Magnesium is one of most abundant mineral in the human body. Magnesium ions regulate over 300 biochemical reactions in the body through their role as enzyme co-factors. They also play a vital role in the reactions that generate and use ATP, the fundamental unit of energy within the body's cells. Positive health is dependent on adequate magnesium levels since this mineral is essential for regulating blood pressure, maintaining a healthy heart rhythm, helping control blood sugar levels and keeping the muscles resilient. Data from the World Health Organization (WHO) estimate that three quarters of North Americans do not consume the recommended daily intake of magnesium [54] . A French study presented that 80% of women and 70% of men are magnesium deficient [55] . In Finland when magnesium was supplemented in table salt, the death rates due to chronic heart disease fell to a better worldwide ranking of 10th [56] .The RDA (Recommended Dietary Allowances) for magnesium in men is 420mg/day and for women 320mg/day, however the average daily consumption has been much lower than the recommended amounts, leading to a myriad of pathology, including infertility [39, 40] .
Magnesium is essential in various developmental stages of sperm production and function, including governing the rate limiting steps in DNA synthesis and mitosis. Magnesium deficit is associated with a wide range of complications of female and male reproductive systems. Deficiency increases infertility, and the risk of miscarriage, pre-term birth and low birthweight babies. The essential requirement of magnesium for sex hormone production and function underlies the importance of magnesium in infertility. It is known that estrogen function is a magnesium-dependent process and magnesium controls FSH (hormone stimulating the ovaries) binding to receptors on the ovary. It is also known that magnesium is important in governing the rate limiting steps in protein synthesis and cell division. Complications in the reproductive system of men and women are associated with magnesium deficiency, where deficiency increases infertility, the risk of miscarriage and low weight babies [41] [42] [43] . Magnesium is essential for sex hormone production and infertility and it's is known that estrogen receptor is a magnesium-dependent process besides of modulates FSH binding to receptors on the ovary [44] [45] [46] . Additionally, magnesium deficiency has been associated with increased smooth muscle cell tone that may reduce the obstruction of an otherwise normal, open fallopian tube. Further, a study about magnesium supplementation on infertile women showed that all women have low Red Blood Cell (RBC) magnesium levels, although not all women returned to normal even when give 600 mg daily of magnesium for four months. To achieve optimal RBC magnesium levels, necessitates the oral dosing of selenium 200 mcg daily. After normalizing their RBC magnesium levels, all infertile women delivered normal healthy babies [47] .
Conclusions
The current medical paradigm need urgent attitude changes about prescribing of nutrients for infertility. We confirmed the hypothesis that iodine, selenium, omega 3 fatty acids and magnesium are nutrients crucial for successful fecundity of couples. In the women, iodine supplementation ameliorates PCOS and regulating thyroid function while magnesium supplementation can reduce resistance insulin. Gynecologists and fertility specialists should not neglect the health of men and selenium and omega 3 fatty acids supplementation can improve sperm mobility increasing fertilization chances. Recommendations for clinical trials with infertile couples taking iodine, selenium, omega 3 fatty acids and magnesium in the correct dosages including longer follow up of couples in the period of supplementation.
